Portal vein thrombosis (PVT) is a frequent complication in cirrhosis and its prevalence increases with disease severity. Several factors are involved in the development and progression of PVT. The challenge for the management of PVT is the precise evaluation of the bleeding risk as opposed to life-threatening extension of thrombosis. Nevertheless, the impact on the progression and outcome of liver disease is unclear. A critical evaluation of the available data discloses that treating PVT in cirrhotics is safe and effective. However, there are open issues, such as which anticoagulant could represent a safer therapeutic option, and when and for how long this treatment should be administered to cirrhotic patients with PVT.
Introduction
Portal vein (PV) thrombosis (PVT) is characterized by interruption of normal blood flow in the PV because of blood clot formation. Thrombophilic conditions, abdominal inflammation, tumorous invasion, and liver cirrhosis are among the most common causes of PVT (Table 1) . Less commonly, PVT has been described after bariatric surgery [1, 2] , radiofrequency ablation (RFA) for hepatocellular carcinoma (HCC) [3] , or fine needle aspiration of pancreatic cancer [4 ] .
Pathophysiologically, an imbalance of the hemostatic mechanism (both pro-and anti-coagulant factors) is implicated in thrombus formation and, ultimately, PVT. The prevalence of PVT is higher in the advanced stages of cirrhosis [5] [6] [7] [8] and increases in cirrhotic patients with HCC. Improvement in imaging studies, in combination with better awareness amongst clinicians, makes this diagnosis frequent. However, many controversies exist regarding the optimal management.
Yerdel et al [9] , in a seminal paper, have classified PVT according to the size and extension of the thrombus as follows:
Grade 1: partial PVT -the thrombus covers less than 50% of the PV lumen Grade 2: PV obstruction greater than 50%, or complete occlusion with or without minimal extension into the superior mesenteric vein (SMV) Grade 3: complete thrombosis of both PVs, thrombus extends to the proximal part of the SMV Grade 4: complete thrombosis -the PV thrombus affects both the proximal and distal SMV More recently, the BAVENO VI working group [10] added two more variables for the classification of PVT, apart from the site (trunk, branches or both), the degree (complete or incomplete) and the extent of involvement of the extrahepatic portal venous system. These are the presentation (clinical and radiological features) and the type of underlying liver disease (cirrhosis, non-cirrhotic liver disease, HCC, post-liver transplant). However, even in this classification, there is no comment on the functional consequences of PV occlusion that could have a detrimental effect on liver function. Sarin et al have further proposed a more comprehensive classification system for PVT in cirrhosis, emphasizing PVT functionality (consequences of acute or chronic PV occlusion in diseased or healthy liver) [11] .
Hepatologists face dilemmas in clinical practice concerning the management of cirrhotic patients with PVT. To treat or not to treat with anticoagulant agents, what is the least hazardous treatment option in PVT, or the optimal dose, and for how long should it be administered, taking into consideration the bleeding risk in patients with clinically significant portal hypertension? All these questions become more critical in patients awaiting transplantation. Definitive answers concerning the impact of PVT and its prognostic effect on cirrhosis outcome are still needed.
PVT pathophysiology
PVT formation in cirrhosis is multifactorial (Fig. 1) . Increased intrahepatic vascular resistance in combination with reduced portal flow velocity are considered important risk factors for PVT in liver cirrhosis. Two recent studies have addressed the predictive value of reduced portal inflow velocity for the de novo development of PVT in cirrhotics [23, 24] . Patients with de novo PVT had lower mean PV flow in comparison with those without. The long-debated argument that non-selective β-blockers (NSBBs) may induce PVT in liver cirrhosis is also based on the same hypothesis. There is only one small study of 56 patients with liver cirrhosis, evaluated for PVT every 6 months, and the use of NSBBs was found to be an independent predictor of developing PVT [24] ; however, further large studies are required.
Cirrhotics have been traditionally considered prone to bleeding due to thrombocytopenia, defects of pro-coagulant factors and fibrinolysis [25] . Recently, however, there is growing evidence that hypercoagulability is an important part of the hematological spectrum in cirrhosis [5, 26] , supported by the finding of increased thrombin generation in portal blood samples of 28 cirrhotic patients [27] . Kalambokis et al [28] reported that patients with thrombin-antithrombin (TAT) levels above 13.5 ng/mL had a significantly higher probability of developing PVT, with the limitation of potent impaired clearance rates of TAT due to liver dysfunction. In line with the above, intrinsic resistance to the anticoagulant action of thrombomodulin was associated with de novo PVT [29] .
There are limited reports that evaluate the role of factors VIII and von Willebrand in cirrhosis and PVT [30] . In a comparative study of 24 cirrhotic patients with PVT and 60 without, activity of ADAMTS-13 (a metalloprotease enzyme that cleaves von Willebrand factor) was found to be independently associated with PVT [31] . On the other hand, factor VIII levels (procoagulant) increase gradually in advanced stages of cirrhosis [32] , in contrast to protein C levels (anticoagulant), which become lower [33] , giving a ratio indicative of hypercoagulability [5] . Factor V Leiden G1691A, methylenetetrahydrofolate reductase (MTHFR) C677T and prothrombin G20210A mutations have been associated with PVT in cirrhosis [34, 35] . A recent study highlights the possible implication of high plasma homocysteine in cirrhosis for PVT formation (especially if complicated by HCC) and MTHFR TT status as a possible link between HCC and PVT [36] . Additionally, antiphospholipid antibodies have been associated with an increased risk of PVT in cirrhosis [37] . However, it remains unclear whether this hypercoagulability is simply related to the consequences of synthetic dysfunction, or if there is an extra genetic component. Endotoxemia may play a pivotal role in activating clotting system in portal and systemic circulation and could represent an underlying mechanism for PVT. Cirrhotics in late stages are prone to infections by intestinal bacteria as a result of bacterial translocation. Inflammation leads to hemodynamic alterations and ultimately to an increase in portal pressure [38] [39] [40] . Even though there is evidence that portal endotoxemia may trigger the coagulation cascade in the PV [41] , a recent small study in 49 patients with cirrhosis [42] found that endotoxemia and platelet activity were not associated with PVT. Amongst various risk factors for PVT in cirrhosis, endoscopic therapy for esophageal varices (with sclerotherapy or variceal band ligation) [43, 44] and a past history of variceal bleeding [8] seem to play a role, especially in patients with genetic thrombophilia. Endothelial damage or endotoxemia following endoscopic sclerotherapy has been incriminated in PVT development in 16% of cirrhotics, within a mean 16-month follow up [43] . A genetic cause for thrombosis was additionally found in 70% of patients with liver cirrhosis who developed PV occlusion. However, sclerotherapy was not found to increase the incidence of PVT in cirrhotics, in a prospective controlled study [44] .
Previous abdominal surgery, splenectomy and portosystemic-shunt surgery have been reported as determinants of PVT [12, 17, 45] , due to venous injury and disturbance of blood flow after surgical intervention. Other possible factors are male sex, low platelet count, and advanced liver failure [46, 47] . Ghabin et al reported fatty or cryptogenic liver disease, ascites, diabetes mellitus, and obesity as predictors of PVT after LT in patients without PVT before LT [48] .
PVT associated with HCC is frequently identified in cirrhosis. Beyond direct invasion, hemostatic imbalance due to tumor growth is a common mechanism for the thrombotic state that characterizes cancer biology in general. Amongst the factors associated with PVT in HCC are advanced stage, higher Child-Pugh class, major vessel involvement, low serum albumin and high α-fetoprotein (AFP) [49] . It seems that thrombophilic genetic factors (MTHFR C6777TT, prothrombin gene G20210A mutation) may play an additional role [50, 51] .
A causative relationship between liver fibrosis and PVT in cirrhosis has been proposed. According to this, micro-infarcts resulting from thrombosis of the hepatic and PV branches may cause ischemia and cell death [52, 53] that activates the hepatic stellate cells, which transdifferentiate into myofibroblasts and ultimately replace these areas with fibrous tissue, aggravating cirrhosis [54] [55] [56] . [12, 57] . In the acute phase of thrombus formation, if partially occlusive, it may be asymptomatic or may be associated with mild abdominal pain, nausea, vomiting, diarrhea and loss of appetite. However, if complete, PVT may present as abdominal pain, acute or progressive over a few days, and/ or with signs of decompensation of chronic liver disease, including variceal bleeding or ascites. Other symptoms may include bloody diarrhea, symptoms and signs of peritonitis, intestinal ischemia, and portal cholangiopathy. Sudden clinical deterioration in a cirrhotic patient, such as the development of diuretic-resistant ascites or bacterial peritonitis, may be suggestive of the development of PVT and should be thoroughly evaluated. Whenever the occlusion extends to the superior mesenteric vein and mesenteric arches, there is a risk of intestinal infarction that could be life-threatening. Splenic vein involvement may also be present.
The portal hypertensive bleeding risk appears to be more than threefold in patients with PVT and cirrhosis than in patients with cirrhosis alone [58] . In case of an acute complete occlusion of the PV, hepatic arterial vasodilatation is usually able to preserve liver function. After a period of 3-5 weeks, the obstructed part of PV is bypassed through the formation of venous collaterals, known as portal cavernoma. This network of collateral PVs characterizes chronic PVT. Acute or chronic PVT is difficult to define in cirrhosis, because portal hypertension and collaterals may preexist as a result of chronic liver disease.
There are no laboratory findings indicating PVT. Recent studies propose the combination of low D-dimers and elevated protein C plasma concentrations to exclude PVT in cirrhotic patients [46] . Lin et al have demonstrated that increased D-dimer levels and larger diameter of the main PV are independent risk factors for PVT in patients with cirrhosis [59] , but there is no standard cutoff to stratify such a risk.
Indeed, in the majority of patients with cirrhosis, PVT is an incidental finding, often during routine ultrasound, CT or MRI evaluation. The first-line technique for PVT detection is Doppler ultrasound. Contrast-enhanced imaging techniques are useful in further characterization of PVT. Intra-thrombus vascularity, observed in the arterial phase of contrast imaging studies, has been reported to be specific for malignant PVT on both CT [60] [61] [62] and MRI [63] [64] [65] . CEUS seems to be superior to Doppler US for the characterization and further evaluation of PVT, and consequently staging of HCC [45] . In general, the sensitivity range for partial PVT detection for all imaging techniques is rather low (14.3-50%) [66] [67] [68] . Nevertheless, there is no consensus regarding the benefit of systematic screening of cirrhotic patients for PVT [69] .
Sarin et al [11] recently suggested a pretest probability assessment based on major (Child's class B or C , prior history of resolved PVT, prothrombotic risk factors such as factor V Leiden mutation, prothrombin gene mutation, MTHFR mutation) and minor (evidence of a large portosystemic shunt, large isolated gastric varices , HCC, previous/or active systemic venous thrombotic events or abortions, acute abdomen, new onset or worsening portal hypertension complications, recent endoscopic, radiological or surgical abdominal interventions, portal flow velocity <15 cm/sec) criteria. The pretest scoring system requires assessment and validation in prospective clinical studies.
Prognosis and complications
The impact of PVT on the natural course of cirrhosis and prognosis is still debated. D' Amico et al [58] reported a more than threefold higher risk of failure to control active variceal bleeding in cirrhotic patients with PVT, irrespective of the use of endoscopic hemostasis or surgical shunting. Apart from the greater risk of variceal bleeding et al, Dell'Era highlights the need for longer time to achieve endoscopic eradication of varices due to PVT in cirrhosis [70] . Qi et al suggest a possible new role of occlusive PVT in cirrhosis as an extra marker of decompensated disease and poor prognosis [71] . Most of the individual studies indicate a trend towards worse survival in cirrhotic patients with PVT than in those without PVT, but no significant difference was observed [72] . However, it should be stressed that two large-scale studies did not support the significant associations of PVT with the prognosis of liver cirrhosis [73, 74] .
Mural or partial PVT does not influence prognosis in contrast to occlusive PVT, which can be deleterious et al [18, 72] . Non-occlusive PVT may be mostly asymptomatic followed by spontaneous recanalization (up to 70%). Qi et al suggest that the spontaneous resolution of partial PVT may predict an improvement of liver function in liver cirrhosis [75] . A recent study on natural course of non-malignant partial PVT in cirrhosis showed that, in untreated partial PVT, the progression or regression did not affect the clinical outcome [76] .
As expected, the presence of PVT as a major complication of HCC in cirrhosis influences survival, irrespectively of other radiological characterization. Better survival has been found in those patients with normal AFP [77] . According to the Barcelona Clinic Liver Cancer (BCLC) Staging System, HCC with PVT is classified as advanced HCC (BCLC stage C) [78] indicating the importance of differentiation of malignant vs. benign PVT in the management of patients with liver cirrhosis. Neoplastic PV thrombus, occurring in 6.5-44% of patients with HCC, renders a patient unsuitable for further invasive treatment approaches, because of the high incidence of tumor recurrence [22, 79, 80] . The overall mortality in chronic PVT is less than 10%, but in case of coexistence with cirrhosis and HCC it increases to 26% [22] , making treatment decisions more than crucial.
PVT and LT
The prevalence of PVT is estimated to be approximately 10% in patients undergoing LT [8] . In cirrhotic patients who are candidates for LT, PVT is associated with greater operative technical difficulties and risk for re-thrombosis. In most cases the operative time is extended, more transfusions are required and there is a greater possibility of reoperation, whereas PVT extension plays a decisive role in the survival rate [81, 82] . Generally, overall morbidity and mortality in LT recipients of are not influenced by the presence of PVT [83] . However, in a recent meta-analysis [84] , it was demonstrated that LT recipients with pre-LT PVT had a significantly lower 1-year survival rate compared to those without (odds ratio [OR] 0.733, 95% confidence interval [CI] 0.621-0.865). In the subgroup with complete PVT, the prognostic value was more pronounced (OR 0.503, 95%CI 0.295-0.858), but the impact of PVT on the 5-year survival was not significant.
In practice, PVT can influence the eligibility for LT, especially in cases with extended thrombosis. The preoperative use of anticoagulation seems to reduce the risk of rethrombosis (6.1% vs. 10.3% without prior PVT therapy) [18] and prolonged anticoagulation until transplantation, even when re-permeation is recommended [85] . If LT candidates have progressive PVT not responding to anticoagulation, transjugular intrahepatic portosystemic shunting (TIPS) is the alternative option.
Post-transplant PVT can be a complication because of donor/recipient PV diameter mismatch (technical issues), prior splenectomy, pediatric transplantation, and the need for intra-operative PV reconstruction with a vein conduit [86] [87] [88] [89] [90] . Incidence rates of post-transplantation PVT have been reported to be as high as 2.5% [91, 92] . PVT can significantly reduce graft and patient survival and is associated with high mortality (65-75%). Delayed PVT, defined as appearing one month after LT, does not necessarily lead to graft failure, and the main consequences are related to portal hypertension. In contrast, early PVT potentially results in re-transplantation if medical and radiological treatment fail.
Primary prevention of PVT in cirrhosis
A trial by Villa et al [93] has shown that a 12-month daily treatment with enoxaparin 4000 IU in cirrhotics prevented the occurrence of PVT (8.8% enoxaparin group vs. 27.7% controls; P=0.048), without increasing bleeding complications or decompensation rates. It was also suggested that anticoagulation might play an anti-fibrogenic role, preventing progression to cirrhosis in patients with chronic liver disease [94] , but confirmation is required. Another controversial issue is thromboprophylaxis in cirrhotics for prevention of deep vein thrombosis (DVT) [95] . No consensus exists to date on the safety of anticoagulation in hospitalized cirrhotics, because of the lack of randomized controlled trials [10] . Even though several factors, including advanced stage, diabetes mellitus, alcohol etiology and low serum albumin, have been associated with an increased risk of DVT in cirrhosis, it remains unclear which subgroup of patients is likely to benefit from DVT prophylaxis.
Treatment options for PVT in cirrhosis
Current evidence from case series and observational studies has not provided robust data for the optimal management of PVT in cirrhosis. The main concern with PVT treatment is to balance the bleeding risk [96] against the life-threatening extension of thrombosis (Fig. 2) [97] .
Low-molecular-weight heparin (LMWH) and vitamin K antagonists (VKAs)
A critical issue is which anticoagulation could represent a safer therapeutic option, and when and for how long this treatment should be administered in cirrhotic patients with PVT. Anticoagulation, with LMWH or fondaparinux parenterally, and VKA orally have been used therapeutically in cirrhotic patients with PVT. Drawbacks include the subcutaneous administration and the presence of ascites in weight-adjusted dose for LMWH and close monitoring of the international normalized ratio (INR target range: 2-3 based on empirical rules), dietary limitations and interference with model for end-stage liver disease score for VKA. Cirrhosis affects coagulation tests, increasing INR and activated partial thromboplastin time (aPTT) and decreasing anti-Xa. Several studies have even documented a correlation between higher INR levels and increased severity of cirrhosis [98] [99] [100] [101] . This makes therapeutic drug monitoring difficult to interpret and optimize because INR elevation caused by warfarin cannot be differentiated from progression of the underlying disease. Intravenous administration of unfractionated heparin (UFH) is not indicated, because baseline aPTT in cirrhosis is often prolonged well above normal values and therefore the effective dosage will probably be underestimated. The aPTT test has not been assessed in cirrhotic patients and the target aPTT range is unclear in this group of patients [98] [99] [100] [101] . UFH cannot be used practically and conveniently for long-term treatment; nevertheless, it could be a potential option in patients with concomitant renal failure and/or hemodynamic instability.
The effect of cirrhosis on antithrombin levels and the platelet count, in addition to the presence of renal failure or bacterial infections, should always be taken into consideration, as they may provoke an added risk for bleeding complications. According to the recent guidance published by the Anticoagulation Forum [102] , cirrhotic patients with PVT should undergo endoscopic screening of esophageal varices and, if indicated, banding treatment should precede the LMWH treatment (either prophylactic doses or half therapeutic doses depending on the platelet count).
Recommendations for anticoagulation treatment based on the Baveno VI Consensus Workshop [10] highlight the need for individualization of treatment. LT candidates should be on anticoagulation until transplantation to prevent re-thrombosis. If they remain untreated, an ultrasound follow up every 3 months or CT imaging every 6 months should be performed. In case of thrombosis extension, immediate use of anticoagulation is recommended. Comorbidities predisposing to prothrombotic conditions or extended PVT are among the factors that physicians should take into account, even in non-LT candidates for anticoagulation as a therapeutic option. On the other hand, [8] . Data from a recent multicenter study [105] including 76 cirrhotic patients with PVT, 51 of them on anticoagulation (LMWH or warfarin), confirms the low risk of life-threatening gastrointestinal bleeding events. In this study survival was inferior for treated patients (median 15 months) albeit not statistically significantly (P=0.311), and PV patency was achieved in 28.5% of treated patients (P=NS).
Portal Vein Thrombosis in Cirrhosis Diagnosis
The main threat for patients on anticoagulation is bleeding. Recent studies support the view that cirrhosis itself is the major cause of bleeding, rather than anticoagulation, which has been associated with a lower risk of both major bleeding and vascular events [106, 107] . Cui et al [108] demonstrated that the non-variceal bleeding risk was higher in patients receiving a once-daily high dose of LMWH (1.5 mg/kg), corroborating the use of a standard twice-daily dose. However, the lack of a reliable test to quantify and adjust the dose of LMWH prevents optimization of therapeutic strategies. Measurement of thrombin generation might be an option, but further investigation is required on this topic. Although Delgado et al pointed out that VKA-treated patients had higher rates of bleeding events compared to a LMWH study group [104] , anticoagulation for PVT in cirrhotics does not generally change the outcome of upper gastrointestinal bleeding [109] and has been proven relatively safe [101] , according to more recent studies. It should be noted, however, that spontaneous resolution of PVT in cirrhosis has been stressed in the literature [110] . In these cases, PVT was associated with a self-limiting underlying pathology or minimal thrombus extension. Given the complexity of cirrhosis, it is not always easy to predict the outcome of untreated PVT [111, 112] .
Direct oral anticoagulants (DOACs)
There is a growing interest in DOACs in PVT (Table 3) , but clinical data in cirrhosis are scarce [113] [114] [115] [116] [117] [118] . Rivaroxaban and apixaban (factor Xa inhibitors) and dabigatran (thrombin inhibitor) are among the new agents that have been used in the 63 cases of acute or chronic PVT in cirrhosis reported up to date. Recent studies have shown that the in vitro anticoagulant potency of apixaban and rivaroxaban is substantially reduced in patients with moderate and advanced cirrhosis [119] [120] . These results imply the added safety in terms of bleeding due to overcoagulation, provided drug levels remain in the target range, by monitoring anti-Xa levels. A retrospective study of 20 cirrhotic patients on DOACs compared with 19 cirrhotic patients on LMWH or VKA treatment for multiple different indications showed that these new agents had similar safety characteristics [115] . Recently, Hum et al [121] reported fewer major bleeding events on DOACs compared to VKA or LMWH, along with comparable efficacy in preventing stroke or thrombosis in patients with cirrhosis. De Cottardi et al [122] studied 36 patients with cirrhosis (Child-Pugh score <C), 61% of them with PVT, the majority treated with lower doses of DOAC. The incidence of complications, including bleeding episodes, related to anticoagulation in this study was similar in patients with or without cirrhosis. In a recent case report, Yang et al [123] pointed out the efficacy of rivaroxaban in achieving complete resolution of recurrent PVT after a 3-month cessation of warfarin in a cirrhotic patient.
A very recent meta-analysis [124] suggests that overall the administration of anti-coagulants in PVT is beneficial, without major bleeding episodes or increased variceal bleeding; therefore, it is highly recommended.
TIPS
TIPS is considered an effective alternative therapy for chronic PVT in selected patients with decompensated cirrhosis, including: a) patients with symptomatic portal hypertension (variceal bleeding or tense ascites without prior use of anticoagulants) [125] ; b) extended and occlusive thrombosis not responding to conventional anticoagulants [126] ; and c) large varices unresponsive to β-blockers or banding ligation, in which anticoagulation would be an extra bleeding risk. TIPS reconstructs PV flow, resulting in a reduction in complications of portal hypertension, decreases the rate of thrombosis progression, and may lead to complete recanalization of the portal tract. In general, the technical complexity of the TIPS procedure is greater in the case of PVT because the intrahepatic branches of the PV may be narrow or occluded. Early TIPS intervention is indicated [127, 128] to limit technical failure rates due to upcoming cavernoma formation.
TIPS in cirrhotics with PVT seems to be important in pre-transplant candidates, especially in cases with extended thrombosis with cavernoma. A recent study evaluated 70 cirrhotics with non-tumoral PVT treated with TIPS for portal hypertensive complications (48 bleeding, 18 ascites, or hydrothorax) [127] . After TIPS, complete PV recanalization was found in 57% of patients, partial recanalization in 30%, whereas no improvement was observed in 13% of patients. The rate of TIPS dysfunction at 12 and 24 months was 38% and 85% for bare stents and 21% and 29% for covered stents (P=0.001), respectively. Patients' survival at 1, 12, and 24 months was 99%, 89%, and 81%, respectively, indicating an excellent long-term outcome. Zhao et al [129] , in a large retrospective study of 191 cirrhotic patients with PVT, concluded that appropriate TIPS On the other hand, perioperative PVT complicates LT and increases post-transplant morbidity, graft loss and mortality [130] [131] [132] [133] . There are concerns from recent studies that LT after TIPS is related to a higher complication rate, usually caused by a misplacement of the stent, but overall the outcome was not influenced [134] [135] [136] [137] [138] [139] [140] . Prospective randomized studies should investigate whether TIPS placement is superior to anticoagulation in the treatment of PVT in cirrhosis. In cases of PVT after LT, combination therapy, including interventional radiology procedures, thrombolysis, endovascular thrombectomy and stent replacement seem to be effective [141] [142] [143] . The most frequently used technique is thrombectomy/thromboendovenectomy with an end-to-end donor-recipient portal anastomosis [18] .
Neoplastic PVT treatment in cirrhosis
Distinguishing benign from malignant PVT is critical to determine the management and therapeutic options, although it is not always easy [144] . Up to 72.7% of portal thrombi in HCC patients are indeed non-neoplastic PVT. Intra-thrombus vascularity, observed in the arterial phase of imaging studies after the administration of contrast, is a sign implying malignant PVT on both CT and MRI. Blunt thrombi are avascular and will not enhance during contrast-enhanced ultrasound examination, while a hyperenhancement pattern of the portal thrombus in the arterial phase, with "wash out" in the portal or late phase is suggestive of malignant PVT. In cases where neoplastic involvement in PVT cannot be excluded by imaging, differentiation may be achieved by CEUS-guided fine-needle biopsy [145] .
Considering therapeutic approaches, the European and American guidelines suggest sorafenib as the treatment of choice for cases involving vascular invasion BCLC stage C. The Japanese guidelines also recommend transarterial chemoembolization or resection in the case of minor vascular invasion and hepatic arterial infusion chemotherapy in the case of major vascular invasion [78, 146, 147] .
Emerging evidence shows that selected patients could benefit from more aggressive treatment approaches. Patients with small HCC and PV obstruction can be safely treated with RFA [148] or yttrium-90 glass microspheres (Theraspheres) in cases of PV obstruction without cavernous transformation [149] . Likewise, conformal radiotherapy induced a 45.8% objective response rate for PV obstruction in HCC and may be considered an important treatment option [150] . Considering that HCC with PVT is a different type of advanced HCC, additional investigation is necessary to design more personalized treatment options and better management of these difficult to treat patients.
Concluding remarks
PVT in cirrhosis still has many unanswered questions. PVT is a relatively frequent event in advanced cirrhosis with severe portal hypertension, but also occasionally in early stages, in patients with a high level of systemic inflammation. Standard laboratory coagulation tests are unable to predict bleeding and are inadequate for the assessment of hemostatic status in cirrhotic patients; hence, more comprehensive tests are required to guide the management of thrombotic and bleeding complications. The importance of early detection of PVT led to a pretest scoring system to predict the probability of future or present PVT formation, but it needs to be assessed in prospective clinical studies.
Treatment is difficult because of the heterogeneity of patients with PVT. When cavernous transformation has occurred, prophylactic anticoagulation is reserved only for patients with thrombophilic conditions and/or a high risk of thrombus extension into the superior mesenteric vein [151] . LT candidates should be carefully monitored, since PVT complicates the surgical procedure and anticoagulation is frequently required. A strict three-monthly imaging follow up should be performed to detect extension of the thrombus in cases without anticoagulation during the pre-transplantation period [10] . There is sufficient evidence for inter ventional therapy such as TIPS, despite its technical difficulties.
The use of anticoagulants in asymptomatic patients with decompensated cirrhosis, or patients with clinically significant PHT and cavernomatous transformation is controversial. Recent studies confirm the safety and efficacy of VKA or LMWH in cirrhosis. Results of clinical trials of DOACs in cirrhotics with PVT are pending, in order to determine their efficacy and safety. Furthermore, the treatment subgroups most likely to reap maximum benefit should be identified, allowing for a personalized management of PVT in cirrhosis.
